It remains unclear whether children form implicit memories during general anaesthesia. This is partly due to a lack of tests for implicit memory that are appropriate for the anaesthesia setting. The aim of this study was to assess a new implicit memory test that could be more suitable for use with children during anaesthesia. Ninety-three children aged five to 12 years who were undergoing elective surgery were studied. Patients were randomly assigned to one of two groups preoperatively and exposed to a familiar animal sound, followed by a distractor task. Two animal sounds were tested; in one group children were exposed to one animal sound preoperatively, while in the other group they were exposed to the other. After surgery the children were played degraded versions of the animal sounds that had been mixed with white noise and became increasingly clearer over the 60 second recording. Children who explicitly recalled hearing the sound preoperatively were excluded. Response times for recognition were recorded and compared. The analysis revealed evidence for a significant priming effect for one of the two animal sounds tested. The speed and simplicity of administration of this test suggest the degraded auditory stimulus test would be a promising tool to detect implicit memory during anaesthesia in children. However as we found evidence for priming with only one of the sounds, the choice of sound is important.
Memories may be formed under anaesthesia that cannot be consciously recalled but can be revealed by changes in behaviour. These memory stores have been termed "implicit memories". It has been suggested that, unlike explicit memories, implicit memories may be formed under adequate anaesthesia 1 . Psychological research suggests that these seemingly innocuous memory traces can have profound effects on behaviour and emotion 2 .
Tests of implicit memory assess retention indirectly. Popular methods involve exposing subjects to target stimuli in a study condition then presenting them with a seemingly unrelated task (e.g. asking them to name fragmented or degraded words or pictures, including the studied target). The benefit in performance on the studied stimuli over the non-studied items has been termed "priming" 3 . The relationship between study and test items may be perceptual or conceptual in nature, with priming dependent upon the degree of similarity between them. Conceptual priming is thought to require higher levels of cognitive processing than are available under general anaesthesia, however, the processes involved in the laying of perceptual memories may still be accessible 2, 4 .
Studies of implicit memory during anaesthesia in children have been largely opportunistic, resulting in a lack of standardisation in study methodology and non-comparable findings 1 . As expected, those using conceptual priming techniques have failed to find significant effects 5, 6 . Two studies designed to detect perceptual priming have also produced null findings 7, 8 . Neither study piloted their test in a nonanaesthetic setting. Therefore, it is not possible to determine whether the null results during anaesthesia were due to faults in the test or a true absence of implicit memory. Both studies also presented visual stimuli in the test condition after using auditory stimuli during anaesthesia. This may have decreased the likelihood of detecting a priming effect, as perceptual priming decreases with changes in sensory mode of presentation (i.e. auditory presentation and visual test) 9 .
Another recent study presented a list of target words to a large sample of children during surgery, then administered a word identification task postoperatively that required the children to detect words embedded in white noise 10 . The authors found no evidence for a difference in detection rates for target and distractor words, concluding that adequately anaesthetised children do not form implicit memories. This test may also have failed to detect implicit memory for a number of reasons. Research with adults has suggested that implicit memory is related to depth of anaesthesia 11 . Anaesthesia is a dynamic event, with depth of anaesthesia fluctuating over the course of surgery. Use of multiple study words may have resulted in different stimuli being presented at different planes of anaesthesia with the priming effect lost when words were presented at deeper planes. The use of multiple words also increases the cognitive load for encoding.
In effect, although no studies have found evidence for implicit memory formation during anaesthesia in children, it is possible the results are due to faults in the test. Before concluding children do not form implicit memory during anaesthesia it is worthwhile testing for implicit memory with other test designs. A degraded stimulus test is another recognised method for detecting evidence for priming. The test is usually conducted with a visual stimulus and test. The subject is exposed to an image and at a later date is presented with a blurred image which gradually becomes clearer until the original image appears. The time taken to recognise the picture is recorded and compared to another group of subjects who have not been exposed to the image before. If after the test the subject has any recollection of being exposed to the image before the test, then there is an element of explicit memory and that subject is excluded. There is evidence for priming if the mean recognition time in a population exposed (excluding those with explicit memory) is faster than the mean in a population not exposed. The Cohen's d effect size is an arbitrary measure of strength of priming in the population using a particular test, and is the difference in mean response times between populations divided by the standard deviation 12 .
Such a visual test is obviously inappropriate for anaesthesia, so an auditory stimulus and test is proposed. Before conducting such a study during anaesthesia it would be worthwhile to perform the test in the non-anaesthesia setting to determine Cohen's d effect size and hence an idea of numbers needed in the anaesthesia setting (noting it is reasonable to expect that the priming effect would be smaller in anaesthesia). Although there are standard visual stimuli, there are no standard auditory stimuli. A variety of different auditory stimuli could be used. Therefore, it is also worthwhile to try different candidate stimuli to find the stimulus with the largest effect size.
The aim of this study was to determine the Cohen's d effect size of two different stimuli in an auditory degraded stimulus recognition test in children.
MATeRIALS AND MeTHoDS
The study protocol was approved by the Royal Children's Hospital ethics in Human Research Committee. One hundred and five randomly selected children (aged five to 12 years) who were undergoing elective surgical procedures at the Royal Children's Hospital, Melbourne were recruited with parent/ guardian written consent. Children were excluded if they 1) had known reductions in hearing, 2) were from non-english speaking backgrounds, 3) suffered from developmental delay or intellectual impairment or 4) were undergoing cardiac or neurological surgery.
Two alternative familiar animal noises were chosen as study items for the test. The number of stimuli was selected on the basis that playing two sounds would not be overly taxing on the children, but would still allow for comparison of the different test stimuli. A pilot study of 30 children demonstrated that, from a set of seven progressively less degraded sounds, sheep and cat recordings had high recognition rates with similar variation in response times, and no evident floor or ceiling effects (cat: mean time to recognition 20 seconds, SD=8.6 seconds; sheep: mean time to recognition 23 seconds, SD=6.8 seconds). All children were visited in the Day Surgical Centre or Pre-Surgical Centre on the day of surgery and asked to play "some listening games" before and after their operation. each child was randomly allocated to one of two groups. The cat group was exposed to a cat sound preoperatively and the sheep group was exposed to a sheep sound preoperatively.
Preoperatively, the children were given two tasks using a compact disc player and headphones. First, the children were played three animal sounds (their group target sound, a bird and a horse) and instructed to identify where the animal lived or could be found. The order of sounds was randomised for each child and all responses were coded as correct if they were plausible. The second task involved listening to a brief (47 seconds) story and answering a simple question about the activities of the main character. The second task was included to minimise the likelihood that the children would associate the headphones with the animal sounds and anticipate animal sounds when the postoperative task was administered.
At the postoperative interview all children were played the two target sounds (the sheep and cat sounds with the target for each group acting as a distractor for the other group). They were also played and a new distractor (a cow). The animal sounds were degraded into white noise, with the proportion of white noise decreasing over a 60 second period until it ceased, leaving only the animal sound. Children were instructed to identify the sounds as quickly as possible. Again, the order of presentation was randomised to control for order effects. Children were then asked whether any of the sounds had been played to them before their operation and accurate recall of the target sound was assumed to be indicative of explicit memory. Response times were recorded and compared, with the cat group's sheep response time acting as a baseline measure to detect a priming effect in the cat group, and the sheep group's cat response time acting as the same for the cat group. Response times for each particular degraded animal sound were reported in each group as mean and standard deviation. Times to response for each particular degraded animal sound in each group were also reported as Kaplan-Meier survival functions with equality of survivor functions between groups compared with a log-rank test for each degraded animal sound. Basic demographic data such as the child's age, gender, regular medications and surgical procedure were recorded and differences between groups compared with t-test for continuous and chi square test for ordinal data. Any association between age and response time was assessed with linear regression analysis.
Number justification
Perceptual priming tests typically demonstrate that priming alters a score by between 20 and 40% 3 . From the pilot study we expected mean response times to be about 20 seconds and standard deviations of about seven seconds. A change of 20% would be four seconds with a Cohen's d effect size of approximately 0.5. We have taken an effect size of 0.5 as the smallest that would be useful (given the effect size during anaesthesia may be smaller). To achieve this for an alpha of 0.05 and power of 0.8, approximately 50 subjects were required in each group. We recruited 105 children.
ReSULTS
Twelve of the 105 children were excluded: two were unable to identify the target sound preoperatively, four had their operations postponed or cancelled after being enrolled in the study and six were too unwell to complete the postoperative test. The final sample consisted of 93 children. The demographic characteristics of the sample are presented in Table 1 . There were no substantial differences between groups. one child in the sheep group had the test on the day after surgery; the remainder had the test on the day of surgery. Table 2 reports mean response times. Response times were compared using log rank tests for equality of survivor functions. The analyses indicated that the cat group was marginally faster compared to the sheep group at identifying the degraded cat sound (χ 2 (2)=4.05, P=0.04) and the sheep group were quicker to identify the degraded sheep sound than the cat group (χ 2 (2)=9.69, P=0.002). The Kaplan-Meier survival estimates in response times to the cat and sheep targets are illustrated in Figures 1 and 2 respectively.
The analysis was re-run to control for the effects of explicit memory. Children who recognised that the target sound had been played to them Postoperatively both groups were tested with recognition tasks for degraded cat and sheep sounds. In the cat group the preoperative exposure was cat; in the sheep group the preoperative exposure was sheep. Data in minutes presented as mean ± SD. Figure 1 : Kaplan-Meier survival estimates for time in seconds to recognising degraded cat sound. Cat group exposed to cat sound preoperatively, sheep group not exposed to cat sound preoperatively.
Figure 2:
Kaplan-Meier survival estimates for time in seconds to recognising degraded sheep sound. Sheep group exposed to sheep sound preoperatively, cat group not exposed to sheep sound preoperatively. Figure 3 : Kaplan-Meier survival estimates time in seconds to recognising degraded cat sound, excluding children with explicit memory. Cat group exposed to cat sound preoperatively, sheep group not exposed to cat sound preoperatively. Those in the cat group who remembered being exposed to the cat sound are excluded. Figure 4 : Kaplan-Meier survival estimates time in seconds to recognising degraded sheep sound excluding children with explicit memory. Sheep group exposed to sheep sound preoperatively, cat Group not exposed to sheep sound preoperatively. Those in the sheep group who remembered being exposed to the sheep sound are excluded.
Further analyses were conducted to explore relationships between response time and other factors such as age, gender, time between study and test and duration of surgical procedure. As the cat test displayed little if any evidence for priming, this further analysis was limited to data from the sheep test. It was also limited to those without explicit memory of the sheep. From the regression analysis there was no evidence for an association between response time and length of anaesthesia (coefficient 0.035, 95% CI -0.075 to 0.15, P=0.53), time from preoperative exposure to start of anaesthesia (coefficient -0.001, 95% CI -0.053 to 0.15, P=0.97), time from end of anaesthesia to testing (coefficient -0.0006, 95% CI -0.059 to 0.058, P=0.98) or female gender (coefficient -1.6, 95% CI -6.9 to 3.7, P=0.56). There was good evidence for an association between response time and age (coefficient -1.6, 95% CI -2.69 to -0.48, P=0.006), with older children having shorter response times. There was evidence for a relationship between age and response time in those that were not exposed to the sheep sound preoperatively (regression coefficient -1.9, 95% CI -3.4 to -0.4, P=0.01) but minimal evidence for a relationship between age and response time in those that were exposed to the sheep preoperatively (regression coefficient -0.78, 95% CI -1.7 to 0.22, P=0.12). In other words, older children who had not been exposed to the sheep sound recognised the sheep sound slightly faster than younger children, but for those who had been exposed to the sound beforehand, age had no influence on recognition time ( Figure 5 ). Thus there is no evidence to suggest the performance of the test for implicit memory was inferior in the younger child. If anything, the test perhaps performed better in younger children. There was no evidence for a difference in mean age between those children who had explicit memory of a sheep and those who did not (9.1 years and 8.5 years respectively; 95% CI around the difference; -1.9 to 0.67, P=0.34).
DISCUSSIoN
We found that a degraded auditory stimulus test using a sheep sound can detect the formation of implicit memory in a population of children. The Cohen's d effect size was 0.67. This effect size is large enough to suggest that a study could be feasible in terms of number of subjects required. The larger the effect size, the smaller the number of subjects needed to detect implicit memory. Given the effect size may be smaller during anaesthesia, a small effect size in our study would have implied an even smaller effect size during anaesthesia, requiring very large numbers of subjects to assess implicit memory during anaesthesia.
Interestingly, there was no evidence of priming when the stimulus was a cat sound. Response times to the cat sound (see Figure 3 ) suggest that, even when degraded, the cat sound was easily recognised by the majority of children at 16 to 17 seconds, with previous exposure conferring little advantage. Although the prior pilot study suggested similar baseline response time means and variance for the two sounds, this was not borne out in the main study. Perhaps the sheep recording was more homogenous, monotonous and of a lower frequency than the cat, allowing for more gradual exposure over time when mixed with white noise. It is possible that a larger sample size may have found evidence for priming with the cat sound, and indeed the 95% CI for effect size with the cat sound cross what would be regarded as an acceptable effect size. Therefore we should conclude that we found no evidence for priming with a cat sound rather than there was no priming. The difference between priming after cat and sheep sounds is important as it suggests choice of sound is important when designing a degraded auditory stimulus test.
one of the problems with many implicit memory tests is their failure to control for contamination by explicit memory. We effectively did this by including only those children who could not recall hearing the target sounds before the operation. our results indicate that, even after excluding children with explicit memory, the group that was exposed to the sheep sound preoperatively was significantly faster at detecting the degraded version than the group that was not. Figure 5 : Cat group not exposed to sheep sound preoperatively, sheep group exposed to sheep sound preoperatively with exclusion of those with explicit memory.
Previous tests of implicit memory during anaesthesia in children have used dichotomous outcome measures (e.g. forced choice preference for stimuli or yes/no recognition tasks 7, 8, 10 ), or have presented multiple stimuli, raising issues of cognitive load and confounding effects of depth of anaesthesia. A degraded stimuli model with a continuous dependent variable (i.e. response time) allows for greater variance in responses and hence greater capacity to detect difference.
Testing for implicit memory in children during anaesthesia must not only take into account the modality of presentation, but it must also be suitable for the perioperative setting. In this study we applied the stimulus and test in the perioperative period. This was done so that the test conditions would be similar to any study looking for implicit memory during anaesthesia (including postoperative factors such as fatigue, nausea and pain). While there are many other tests of implicit memory, the degraded stimulus recognition test was minimally taxing on (and well tolerated by) children and easy to administer in a busy perioperative hospital setting.
While explicit memory of intraoperative events is generally assumed to result from error in anaesthetic administration, implicit memory might persist during adequate anaesthesia and have effects on postoperative behaviour. Stargatt et al 13 found that a significant proportion of children exhibit negative behaviour change after surgery. While some individual, family and procedural factors have been found to contribute to this change, it is possible that implicit memories of intraoperative events (e.g. conversations between theatre staff or noises from operating theatre equipment) may also be influential. Psychological research has shown priming to enhance existing tendencies rather than induce new behaviours 2 , thus implicit memories of surgery would be most likely to affect already anxious patients. Given it is plausible that implicit memory formation during anaesthesia in children occurs and is important, the test we have developed may be useful for future research. Used in its current form, this degraded auditory stimulus test, using the sheep sound, can be used to seek evidence for implicit memory during anaesthesia in future populations of children.
